Abstract-Utility stakeholders often view autonomic feedback systems as valuable tools for moderating consumption of household resources (e.g. electricity). However, to be successful, such technology must be not only informative but also persuasive. This paper presents the water user classification (WUC) function of a decision support system (DSS) for residential water consumers. This function has been designed to harness personal value systems and wider social norms in order to promote water conservation. It uses data on home appliance efficiency, routine water usage and environmental values to attribute DSS users with a water user identity. Where the attributed identity is at odds with a self-defined 'green' identity, users may be prompted to reevaluate their everyday practices. The function also offers 'smart' personalized water saving advice. In these ways, it aims to encourage consumers to adopt sustainable water saving behaviors. This paper describes the design of the WUC function and its contribution to the DSS. It additionally highlights the crucial role of behavior change theory in the delivery of successful technology-based interventions.
I. INTRODUCTION
In many regions of the world human activity is making unsustainable demands on fresh water resources. Where anthropogenic pressures lead to over-extraction from rivers, lakes and aquifers the aquatic environment may be degraded beyond repair. In addition, adequate fresh water supplies are crucial to everyday life; consequently, future economic and social wellbeing may be compromised by failure to enhance water security. In light of this, the European Union policy community has established the priority of moving toward a water-efficient and water saving economy [1] . A commitment to promoting a water saving culture is central to this approach.
Within the home, technological innovation has increased the efficiency of many domestic appliances; that is to say, the same (or higher) performance can be achieved with the consumption of less water than previously [2] . However, this potential resource conservation may be negated by lifestyle changes associated with increasing prosperity and changing social norms; these include an increase in the number of end use sites (e.g. multiple bathrooms), demand for ever greater performance (e.g. high volume power showers) and changes in water use habits (e.g. more frequent, longer showers). Consequently, modification of water use behavior is a key component of any water demand management strategy.
Research presented in this paper derives from the household decision support system (DSS) module of the Integrated Support System for Efficient Water Usage and Resources Management (ISS-EWATUS) project. This DSS is a wireless system that uses sensors to monitor home water consumption disaggregated by appliance [4, 5, 6] . Consumption feedback is presented to the household, in near real time, via a mobile application (app). Based on the household's water consumption profile, bespoke tips are provided for reducing water usage within the home.
The DSS is being trialed in 40 homes at sites in Poland and Greece. Consumption data has been collected since spring 2015 and is ongoing. In June 2016, pilot households gained access to the app. In the coming months, quantitative and qualitative methods will be used to evaluate the intervention's impact on household water consumption as well as on household members' knowledge, behavior and attitudes. At this evaluation stage, the usage and popularity of individual DSS functions will be investigated. App design was informed by social scientific fieldwork conducted in Poland and Greece [7, 8] . This included in-depth interviews with residents of pilot households (n=31) and six focus groups (n=34).
Section II of this paper outlines how core behavior change strategies were used in the development of DSS autonomic functions. It also notes that potentially valuable intervention strategies could only be operationalized by specifying additional functionality requiring user data entry. This was achieved via the WUC function described in Section III (data collection) and Section IV (classification and feedback). Section V discusses the critical role of behavior change theory in the design of effective persuasive technologies.
II. BEHAVIOR CHANGE THEORY
The design of the DSS took into account two essential characteristics of the intervention: 1) it aims to promote pro-environmental behavior and 2) it is ICT based. If a proenvironmental behavior change intervention is to have a meaningful impact, its outcome should be sustainable over the course of years or even a lifetime. With extended impact, however, comes the risk of annoyance. Consequently, a simple design that does not overwhelm the consumer with too much information but does require consumer participation is essential for the success of the intervention [9] . In the past, behavior change theory has been used successfully to guide goal attainment [10, 11] , fill a knowledge gap [12] , stimulate peer competition [13] , and leverage social norms [14, 15] .
Decision support systems are "computer information systems that provide information in a specific problem domain using analytical decision models, as well as access to databases in order to support a decision maker in making decisions effectively in complex and ill-structured problems" [3] . In the business domain, they are designed to enhance organizational outcomes such as efficiency and profit. By contrast, the ISS-EWATUS DSS is conceived as prosocial technology with the primary aim of benefiting society by maximizing water conservation within households.
The DSS developed in this study shares design features with conventional high-quality decision support systems. Feedback incorporates a high level of granularity; in this case, water consumption data are disaggregated by time and appliance (kitchen taps; bathroom taps; dishwasher; washing machine; toilet and shower). This highlights the link between consumer behavior (e.g. taking a shower) and water usage. Personalization continues in the tips section where strategies for reducing consumption are offered that take account of the household's recent and historical water use patterns.
Granularity and personalization are key intervention strategies that are theorized to increase the user's sense of control over outcomes. The DSS app encourages users to set their own water reduction target and to monitor their progress towards this goal. Goal setting and self-monitoring are also key intervention strategies; by making it easier for people to know how well they are performing the target behavior, they increase the likelihood that they will continue [15, 16] .
Unlike conventional decision support systems, this DSS has a prosocial agenda. Rather than being a neutral provider of salient information, it seeks to maximize water savings within households using both information and persuasion. When a system provides personalized content, users tend to view it as working to help them achieve their goals and are more likely to trust the system, and the people behind it [16] . This raises significant ethical considerations. For the current pilot, full ethical clearance was achieved; in addition, participant households are fully cognizant of the project's orientation.
ICT-based behavioral interventions have developed under the umbrella of "Persuasive Technology". This approach utilizes computing technologies to attempt to persuade users to change their attitudes and behavior. It normally takes the form of an information system [15] . Since all information systems are designed to exert influence in some way, for a technology to be called "persuasive", the persuasion has to be intentional [15] ; that is, the technology must have been designed for the purpose of guiding the user towards an attitude or behavior change. It follows from this that target attitudes and/or behaviors have to guide the design process [17] .
A persuasive intervention strategy incorporated into the DSS is that of ambient display. Color can communicate specific information, the meaning of which depends on the situation or context [18] . In particular, red primes the risk of a failure due to learned associations with threat advisory systems [19] . Several DSS functions incorporate color to subliminally influence users. For example, households who achieve their water reduction targets see their results in green (which has permissive connotations) whereas those whose usage actually increases across the monitored period receive this information in red. Yellow (by implication, neutral) is used where usage has deviated by less than 10% from the benchmark.
One problematic issue with the DSS's autonomic functions is that they cannot differentiate between the actions of different household members. In effect, 'personalized' consumption feedback and tips are is not truly personal. A household may comprise a mix of careful and wasteful water consumers but all are presented with the same consumption feedback. This lack of clarity about individual usage may limit a household member's appreciation of their own water using behavior and negatively affect their motivation to change. Software engineers investigated potential solutions, such as the use of near field communication to attribute appliance use events to a proximal (smartphone-carrying) member. It was concluded that this risked overburdening individuals and undermining their engagement with the intervention. As a compromise, a WaterDiary function was incorporated into the DSS that permits app users to manually attribute each recorded water-using episode to a specific household member. However, while this offers insight into individual water usage, the attention to detail required may deter many app users.
A second issue with the DSS's autonomic functions is the lack of information about user values. This limits the app's capacity to utilize two powerful behavior change strategies; inconsistency and normative influence. An established, effective strategy for inculcating behavior change is to evoke cognitive dissonance by highlighting inconsistency [20] . This occurs where individuals become aware that their actions are inconsistent with their core values; the ensuing sense of discomfort may prompt them to change their behavior. Allied to this, perceived pressure to conform to social norms affects behavioral intention [21] . Social norms reflect the individual's beliefs about what significant others would think of her/him for engaging (or failing to engage) in the target behavior. Domestic water consumption practices take place behind closed doors. As a consequence, consumers may assume their habits are reasonable when, in fact, others would judge them to be wasteful. The private nature of domestic water use often shields users from normative influence.
Autonomic DSS functions cannot attribute water consumption to individual household members. In addition, information on salient values is not available. The water user classification (WUC) function addresses these shortcomings by collecting self-reported information about water-related behaviors and values at individual level. Furthermore, the construction of a water user identity is based upon social conceptions of desirable water-using behavior. This data collection additionally permits the construction and provision of truly personalized (i.e. individualized) advice.
III. WATER USER CLASSIFICATION DATA COLLECTION

A. Overview
Research into household water conservation strategies often differentiates between technological (efficiency) and usage (curtailment) approaches [22, 23, 24] . Where homes have efficient water appliances, this may reflect one-off expense (i.e. purchase) or short-term effort (e.g. buying and fitting tap aerators). Conversely, curtailment may require ongoing resolve, for example, resolutely taking a short shower even where a longer one is more appealing. The WUC function juxtaposes an individual's position on technological (efficiency) and usage (curtailment) dimensions. In keeping with the project's pro-environmental orientation, these are overlaid by an environmental values dimension. From these three components, a water user identity is generated that emphasizes any inconsistency (i.e. where technology and/or user behavior is at odds with the consumer's environmental values). It is theorized that this will invoke cognitive dissonance and motivate users to modify their usage and/or appliances. The WUC function also generates personalized water saving tips.
Data are collected via a survey linked to the DSS app. Respondents are presented with 20 questions. This concise format reflects feedback from the Polish and Greek fieldwork component on appropriate survey length. The survey commences by collecting age and gender. Six questions relate to household technology and nine to the respondent's water use practices. The final three items address their environmental attitudes.
B. Technology dimension
Technology questions collect information about the efficiency of the household's toilet(s) and showerhead(s) and whether the property is fitted with solar panels. While solar panels do not directly impact upon water consumption, it is proposed that their presence indicates a propensity to adopt resource-efficient technologies around the home. A related question asks how much consideration the household would give to buying a water-and energy efficient washing machine.
Prior studies have modelled household technology using additional indicators such as tap aerators and the efficiency rating of washing machines and dishwashers [23, 25] . However, the qualitative fieldwork of the current study indicated that many research participants could only guess at the efficiency of these devices. In particular, it was clear that many men did not use their home's washing machine and dishwasher and so were not comfortable in estimating their efficiency. By contrast, most participants felt that they knew, or could estimate, the efficiency of their shower and toilet.
C. Usage dimension
Respondents are asked about the frequency with which they take a shower or bath and the duration of a typical shower. This information is collected for both summer and winter. An additional question taps into user perceptions of nondiscretionary consumption. This asks, "If you were in a hurry, how quickly could you take a shower and still be adequately clean and presentable? How many minutes would you spend under the water?" Nondiscretionary consumption is thus conceived to be the amount of time required to sustain everyday functions, in the eyes of the respondent. By implication, discretionary consumption is the difference between this figure and a 'normal' length shower.
Respondents are also asked how long they would wear a pair of jeans or casual trousers (or skirt, if female) before putting the item in the laundry. They are asked a similar question for T shirts. They are directed to report these practices separately for winter and summer. A focus on laundry generation presents a contrast to all of the previous studies reviewed by the authors. Extant studies are highly likely to collect information on the use of full and half loads when using the washing machine. Our interviews and focus groups revealed that, in the majority of participant families, only women used the washing machine; consequently, this practice could not be attributed to other household members. However, most participants decided for themselves when the item of clothing should be put in the laundry basket. It is theorized that variations in this behaviour would have a greater impact upon household water consumption than variations in washing machine settings used.
D. Values dimension
Three environmental questions were used to construct the values dimension. These items feature in reputable public opinion surveys, including those conducted by Eurobarometer and the International Social Survey Programme; as such, they have been comprehensively validated. The questions (listed here) have the response options: strongly agree; mildly agree; unsure; mildly disagree and strongly disagree.
• The so-called environmental crisis facing humankind has been greatly exaggerated; • Water pollution is a real problem for our rivers, lakes and coastal waters; and
• Over-extraction of water is damaging our groundwater, rivers and lakes.
IV. WATER USER CLASSIFICATION AND FEEDBACK
A. Classifying water users
A complete classification flow chart is available from the corresponding author. For the technology dimension, a count is undertaken with each of the following scoring one point: a toilet is dual flush; a showerhead is water efficient; solar panels are installed; and the household would give a lot of consideration to buying a water-and energy-efficient washing machine. Users with a score of 2 or more are designated 'high tech' (HT); 1 is 'intermediate' (IT) and 0 is 'low tech' (LT).
The usage dimension is a composite of winter shower use and laundry generation. Summer habits are not used because of the differing climates at the two pilot sites (Poland and Greece) and the assumed impact of this on nondiscretionary water consumption. Category construction was consistent with high profile water conservation initiatives (e.g. Waterwise), as well as analysis of the qualitative fieldwork. Up to five minutes per day indicates low shower usage; 6-11 minutes constitutes intermediate; 12 minutes or more is high. Wearing jeans for five or more days is classed as low laundry usage; three or four days is intermediate; one or two days is high. A low water user (LU classification) is both a low shower user and low laundry user. A high water user (HU classification) is either a high shower user or a high laundry user. All others are intermediate (IU).
For the values dimension, users are credited with a point each where they: strongly disagree with the "environmental crisis" statement; strongly agree with the "water pollution" statement and; strongly agree with the "over-extraction" statement. A score of three identifies an environmentalist (a); a score of one or two is environmentally aware (b); a score of zero is neither (c). Table I (Table II) . Your everyday routines use too much water and energy to make you a green consumer. 
Columns in
Low usage
Your frugal everyday routines help you to save water and energy.  Feedback begins with a label that locates users on the technology and usage dimensions (Table III) . Where inclusion increases persuasiveness, labels also differentiate on the basis of the environmental dimension. Feedback components (from Table II ) are concatenated using syntactically appropriate conjunctions. The label and associated description form a water user identity.
The results screen (Fig. 1) gives textual feedback and graphically depicts the respondent's water user identity on the three dimensions. In this example, the user occupies a high technology position and an intermediate usage position. This yields the classification 'HTIU'. The associated label (Table  II) is 'technology focused consumer'. The user additionally occupies a high position on the values dimension; this is indicated by the inclusion of the largest of the three sun emojis. A color scheme is incorporated into the column and row headings to build upon the 'ambient display' behavior change strategy described previously. Low technology and high usage cells are colored red (implying risk); high technology and low usage cells are colored green; intermediate cells are a neutral yellow. The sun emoji is yellow. Following on from this feedback, the WUC function presents the user with water-saving tips tailored to their water profile. This is the final screen of the WUC function. Tips that relate to showering take account of the reported efficiency of the showerhead. As described previously, respondents are asked the length of a typical winter shower (which is Question 10) and are also asked how quickly they could shower, if they were in a hurry (Question 11). Respondents who acknowledge that they could take a shorter shower than they typically do are told: Where people do not acknowledge that they could take a shorter shower, and they take a winter shower that is at least seven minutes long, they are informed: Where the respondent reports having inefficient appliances, simple modifications are advised, e.g.:
"A family of four with a conventional toilet could save 7,000 liters of water per year just by placing a water displacement device in their cistern".
Even users who are highly conservative in their water use are offered tips that could help them in small ways, such as: "Why not throw any water left in your cup onto an indoor plant rather than pouring it down the sink?" V. DISCUSSION Policy bodies across the world are committed to reducing the demands made upon freshwater resources and water distribution systems. For stakeholders across a range of domains, autonomic monitoring and information systems are potentially invaluable tools for informing the design of efficiency strategies and behavioral interventions and for assessing results. However, in the residential domain, a system designed purely to monitor and inform is likely to have limited impact on water consumption across time. This reflects the habitual and non-reflexive nature of consumers' everyday domestic routines. Rather, persuasion is a crucial third parameter. The household decision support system module of the ISS-EWATUS project has been tasked with developing a persuasive monitoring and information system and trialing it in a real world setting. As this paper has outlined, the design of the DSS app has been founded upon key tenets of behavior change theory.
For the current study, the design process melded expertise in the domains of software engineering and social psychology. DSS sensors monitor water consumption; however, designers recognized that, for households, water consumption is a consequence of the enactment of everyday routines, such as showering and toilet flushing. Consequently, information on consumption must be translated into component behaviors. These behaviors (rather than consumption, per se) became the target for the intervention. Autonomic feedback presents householders with consumption broken down by appliance and time. In so doing, it reveals the hidden water 'costs' of everyday routines. Feedback is accompanied by personalized advice on ways to modify behavior and save water. In addition, consumers are encouraged to set their own water reduction targets and monitor their progress towards this goal. Color priming is used to subliminally influence user perceptions of their performance.
In the developmental stage, it was recognized that functions based upon spatio-temporal water consumption data lacked the potential to capitalize on powerful behavioral intervention strategies. These strategies centered on the core environmental values of the water consumer and wider society. They included the promotion of cognitive dissonance and the use of social norms to assert leverage. In addition, the collection of spatioYou are a technology focused consumer. High tech households like yours save water and energy by adopting efficient technology . However, although you are very concerned about the environment, your everyday routines use too much water and energy to make you a green consumer . Click here to get personalized advice on saving water temporal data at the household level may make it difficult for individuals to fully appreciate their own consumption.
Technology
The water user classification function has been designed to overcome these limitations. Firstly, the water user identity presented via the function makes users aware of any incongruity between their sense of self as an environmentally concerned citizen and their behavior as a consumer of a scarce resource. Secondly, data are collected at the level of the individual, rather than the household. It is theorized that these features will enhance the efficacy of the DSS. Subsequent evaluation of the pilot will address the contribution made by this component. Unlike other DSS functions, the WUC function requires users to input data.
Compared with the remainder of the DSS, the WUC function is a low tech component; however, its contribution to the overall goal of achieving a sustained reduction in measurable consumption may be substantial. Its inclusion within the DSS highlights the overriding importance of identifying appropriate goals for behavioral interventions and adopting appropriate technologies to attain them.
